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[57] ABSTRACT 

An apparatus and met hod for adding and removing a target 
ba se station from a network of b ase stations, wlucfi"mcludes 
base ?t^ons ad jacent the target bas e^ st ation. Th^ apparatus 
is comprised of two attenuators: a first for setting an ^tjfisi^ 
receive noise power level and a second for setting a tran smit 
level. The transmi y cvel determines the forward link cov- 
erage area of thebase station. T he arUfici^ noise level set s 
the reverse lijik-coverag^-area of the base station when a 
base station is added, initially the transmit power is low and 
the artificial receive noise power is high such that the 
forward and reverse kink coverage areas are collocated in 
close proximity to the base station. As the base station 
blossoms into full operation, the artificial receive noise 
power is decreased and the transmit level is increased such 
that the two coverage areas of the base station remain 
balanced as the coverage areas expand. When a base station 
is to be removed from a system, the same attenuators are 
used to wilt the two coverage areas in unison as the power 
level transmitted from the base station decreases. 

47 Claims, 6 Drawing Sheets 
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APPARATUS AND METHOD FOR ADDING 
AND REMOVING A BASE STATION FROM A 
CELLULAR COMMUNICATIONS SYSTEM 

This is a continuation of application Ser. No. 08/304,730 5 
filed Sep. 12, 1994 now U.S. Pat. No. 5,475,870. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention jq 
The present invention relates to a communications sys- 
tem. More particularly, the present invention relates to an 
apparatus and method for adding and removing a cell-site 
base station from a cellular communications system when 
system loads increase or decrease or when base station 15 
maintenance is required. 

II. Description of the Related Art 

In some cellular telephone systems, personal communi- 
cations systems and wireless local loop systems using code 
division multiple access (CDMA) coding technique, a com- 
man frequency band is used for communication with all base 
stations in the system. The common frequency band allows 
simultaneous communication between a mobile unit and 
more than one base station. Signals occupying the common 
frequency band are discriminated at the receiving terminal ^ 
(either within the base station or mobile unit) through the 
spread spectrum CDMA waveform properties based on the 
use of high frequency pseudonoise (FN) codes and orthogo- 
nal Walsh codes. Transmitting terminals (either the base 
station or mobile unit) using different FN codes or FN codes ^ 
that are offset in time or orthogonal Walsh codes produce 
signals that can be separately received at the receiving 
terminal. 

In an exemplary CDMA system, each base station trans- 
mits a pilot signal having a common FN spreading code that 
is offset in code phase from the pilot signal of other base 
stations within the system. During system operation, the 
mobile unit is provided with a list of code phase offsets 
corresponding to neighboring base stations surrounding the ^ 
base station through which communication is established. 
The mobile unit is equipped with a searching element that 
allows the mobile unit to track the signal strength of the pilot 
signal from a group of base stations including the neighbor- 
ing base stations. 

° 45 

Various methods exist for switching the mobile unit from 
one base station to another (known as "handoff**). One such 
method is termed a "soft" handoff, in which communication 
between the mobile unit and the end user is uninterrupted by 
the eventual handoff from an original base station to a 59 
subsequent base station. This method is considered a soft 
handoff in that communication with the subsequent base 
station is established before terminating communication 
with the original base station. When the mobile unit is 
communicating with two base stations, a single signal for the 55 
end user is created from the signals from each base station 
by a cellular or personal communication system controller. 
U.S. Fat. No. 5,267,261 which is incorporated by this 
reference and assigned to the assignee of the present inven- 
tion, discloses a method and system for providing conrniu- go 
nication with the mobile unit through more than one base 
station during the handoff process, i.e., providing soft hand- 
off. 

Mobile unit assisted soft handoff operates based on the 
pilot signal strength of several sets of base stations as 65 
measured by the mobile unit. An Active Set is the set of base 
stations through which active communication is established. 
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A Neighbor Set is a set of base stations surrounding an active 
base station comprising base stations that have a high 
probability of having a pilot signal sUrength of sufiScient 
level to establish communication. A Candidate Set is a set of 
base stations having a pilot signal strength of sufBcient level 
to establish communication. 

When communications are initially established, a mobile 
unit communicates through a first base station, and the 
Active Set contains only the first base station. The mobile 
unit monitors the pilot signal strength of the base stations in 
the Active Set, the Candidate Set, and the Neighbor Set. 
When a pilot signal of a base station in the Neighbor Set 
exceeds a predetermined threshold level, the base station i s 
added jo the Candidate Set and rem oved from the Neighbor 
Set atthe mobile unit. The mobile unit communicates a 
message identifying tiie ne w base s tation. A cellular or 
personal communication system c ontroller dec ides whether 
t o establis h communic ation between th e ne w base stati on 
and themobile unit. Should the celluTar or personal com- 
xnumcaGorTsystem controller decide to do so, the cellular or 
personal communication system controller sends a message 
to the new base station with identifying information about 
the mobile unit and a conmiand to establish communications 
with the mobile unit.. A message is also transmitted to the 
mobile unit through The first base station. The message 
identifies a ^lew^Acti veJSet that includes the first and new 
base stationSrThe mobile unit Searches for the new base 
station's transmitted information signal, and communication 
is established with the new base station without termination 
of communication through the first base station. Th'is process 
can continue with additional base stations. 

When the mobile unit is conomunicating through multiple 
base stations, it continues to monitor the signal strength of 
the base stations of the Active Set, the Candidate Set, and the 
Neighbor Set. Should the signal su-ength corresponding to a 
base station of the Active Set drop below a predetermined 
threshold for a predetermined period of time, the mobile unit 
generates and transmits a message to report the event. The 
cellular or personal communication system controller 
receives this message through at least one of the base 
stations with which the mobile unit is communicating. The 
cellular or personal communication system controller may 
decide to terminate communications through the base station 
having a weak pilot signal strength. 

Upon deciding to terminate communications through a 
base station, the cellular or personal communication system 
controller generates a message identifying a new Active Set 
of base stations. The new Active Set does not contain the 
base station through which communication is to be termi- 
nated. The base stations through which communication is 
established send a message to Uie mobile unit. The mobile 
unit communications are thus routed only through base 
stations identified in the ng^A ctiveJSe t. 

Because die mobile umTis conmiunicating with the end 
user through at least one base station at all times throughout 
the soft handoff processes, no interruption in conrununica- 
tions occurs between the mobile unit and the end user. A soft 
handoff provides significMt_ben gfits in its inher e nt "ma ke 
before break" cominunication over conventional "break 
before make" techniques employed in other cellular com- 
munication systems. 

In a cellular or personal communication telephone sys- 
tem, maximizing the capacity of the system in terms of the 
number of simultaneous telephone calls that can be handled 
is extremely important. System capacity in a spread spec- 
trum system can be maximized if the transmitter power of 
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each mobile unit is controlled such that each transmitted 
signal arrives ai the base station receiver at the minimum 
level requiiiegUojn aintain the link.n TTsf^Tgrt:^nsrnittecr^ 
^^TnoBile unit arrives at LbelDas^lrtation receiver at a power 
level that is too low, th^bit-etTOT-ratetmay be too high to 
permit high quality coimSarEfcffionsdue to interference 
from the other mobile units. If, on the other hand, the mobile 
unit transmitted signal is at a power level that is too high 
when received at the base station, communication with this 
particular mobile unit is acceptable, but this hi gh power 
^signa Tacts as int erferencej o other mobile unitsj This inter^^ 
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ference may adversely affect communications with other 
mobile units. 

Path loss in the radio channel is defined as any degrada- 
tion or loss suffered by a signal as it travels over-the-air and 
can be characterized by two separate phenomena: average 
path loss and fading. The forward link, i.e., the link from the 
base station to the mobile unit, typically but not necessarily 
operates on a different frequency than the reverse link, i.e., 
the link from the mobile trait to the base station. Neverthe- 
less, because the forward and reverse link frequencies are 
within the same frequency band, a significant correlation 
exists between the average path loss of the two links. For 
example, a typically cellular system has one of its forward 
link channels centered about 882 MHz paired with one of its 
reverse link channels centered about 837 MHz. On the other 
hand, fading is an independent phenomenon for the forward 
link and reverse hnk and varies as a function of time. The 
characteristics of fading on the channel are the same, how- 
ever, for both the forward and reverse link because the 
frequencies are within the same frequency band. Therefore, 
the average of channel fading over time for both links is 
typically the same. 

In an exemplary CDMA system, each mobile unit esti- 
mates the path loss of the forward lirUc based on the total 
power at the input to the mobile unit The total power is sum 
of the power from all base stations operating on the same 
frequency assignment as perceived by the mobile unit. From 
the estimate of the average forward link path loss, the mobile 
unit sets the transmit level of the reverse link signal. 

Mobile unit transmit power is also conu-olled by one or 
more base stations. Each base station with which the mobile 
unit is communicating measures the received signal strength 
from the mobile unit. The measured signal strength is 
compared to a desired signal strength level for that particular 45 
mobile unit at that base station. A power adjustment com- 
mand is generated by each base station and sent to the 
mobile unit on the forward link. In response to the base 
station power adjustment commands, the mobile unit 
increases or decreases the mobile unit transmit power by a 50 
predetermined amount. 

When a mobUe unit is in communication with more than 
one base stadon. power adjustment commands are provided 
from each base station. The mobile unit acts upon these 
multiple base station power adjustment commands to avoid 55 
transmit power levels that may adversely interfere with other 
mobile unit communications and yet provide sufficient 
power to support communication from the mobile unit to at 
least one of the base stations. This power control mechanism 
is accomplished by having the mobile unit increase its 60 
transmit signal level only if every base station with which 
the mobile unit is contmunicating requests an increase in 
power level. The mobile unit decreases its transmit signal 
level if any base station with which the mobile unit is 
communicating requests that the power be decreased. A 65 
system for base station and mobile unit power control is 
disclosed in U.S. Pat. Nos. 5.056,109, 5,265,119, 5.257,283. 
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and 5,267,262; all of which are incorporated by this refer- 
ence and assigned to the assignee of the present invention. 

Base station diversity at the mobile unit is an important 
consideration in the soft handoff process. The power control 
method described above operates optimally when the mobile 
unit communicates with each base station through which 
communication is possible, typically between one to three 
base stations although a greater number is possible. In so 
doing, the mobile unit avoids inadvertently interfering with 
communications through a base station that is receiving the 
mobile unit's signal at an excessive level, but that cannot 
communicate a power adjustment command to the mobile 
unit because communication is not established with the 
mobile unit. 

Each base station coverage area has two handoff bound- 
aries. A handoff boundary is defined as the physical location 
between two base stations where the link would perfonn the 
same regardless of whether the mobile unit were commu- 
nicadng with the first or second base station. Each base 
station has a forward link handoff boundary and a reverse 
link handoff boundary. The forward link handoff boundary is 
defined as the location where the mobile unit's receiver 
would perform the same regardless of which base station it 
was receiving. The reverse link handoff boundary is defined 
as the location of the mobile unit where two base station 
receivers would perfonn the same with respect to that 
mobile unit. 

Id eally these boundaries should be balanced, meanin g that 
they have the same physical location with respect "to theBiase 
statioT L If they are n ot balanced, system capacity may be 
reduced as the^ power control process is disturbed or the 
ha naofrS aQajj yeasonablv expand s. Note that handoff 
boondary^ ^jiicelsa function pifnme, in that the reverse 
liiyt--power increases as the^ nunlber of mobile units 
i ncrea s es. Revers e^link power is inversely proportional to 
coverage area. Therefore all other conditions remaining 
static, ah increase in reve rse link power d^ eases the 
e ffective size of the coverage area of the base sta tion and 
ca uses the reverse link handoff boundary to move inv^a rd 
t owards the base station. Unless a compensation mechanism / 
for the forward rink^Ts mcorporated in the base statio n, even [ 
a sy stem thaTislmt ially perfectl y balanced wiirE e unbal- 
ancedjntermittently depending on die Joading of the base) 

station;^ „ ~ 

In a working cellular, personal conmiunication, or wire- 
less local loop system, fluctuation in loading are common. 
For example, if an accident occurs on a major freeway at 
rush hour, the resultant traffic jam can cause a substantial 
increase in the number of system users trying to access the 
system. Planned events, such as large sporting events, con- 
ferences, and parades, can have the same effect. A large 
fluctuation in loading that increases the number of users far 
beyond the average expected loading may overload the 
system. If the overload is substantial, requests for new 
communication links must be denied. Although the overload 
situation is undesirable, the obvious alternative of providing 
additional capacity to every base station in the system is 
impractical. Presently, however, no such method or appara- 
tus exists by which overload situations can be avoided 
without temporarily interrupting or degrading system per- 
formance. 

Furthermore, when a base station requires routine or 
unexpected maintenance, the base station must be removed 
from the system and replaced when maintenance is com- 
plete. It is important in removing and replacing the base 
station, however, to maintain normal operation of the system 
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and to prevent interruption of any ongoing system commu- 
nications. Conventional systems, however, provide no 
means by which a base station can be removed from and 
returned to the system when the base station requires main- 
tenance without deleterious effects on system performance. 

Therefore, a need exists for an apparatus and method for 
efficiently handling and avoiding overload situations and for 
maintaining normal system operations when performing 
base station maintenance. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an appa- 
ratus and method for adding and removing a base station 
from a communication system that prevents system over- 
loads, that provides unaffected service during base station 
maintenance, and that substantially obviates one or more of 
the problems due to the limitations and disadvantages of the 
related art. 

To achieve these and other advantages, and in accordance 
with the purpose of the invention as embodied and broadly 
described herein, the present invention defines a method and 
apparatus for adding a new base station to a communication 
system and/or removing a base station from the system. The 
present invention is well-suited to adding a new base station 
operating a predetermined frequency to an existing network 
of base stations operating the same predetermined frequency 
when an increased load on the system creates a need for an 
additional base station or stations. It also can be used to 
remove a base station from the network of base stations 
when the load decreases, making the removed base station 
unnecessary. In addition, the present invention can be used 
to remove and replace a base station (or a separate sector of 
a base station) when maintenance or upgrading is required. 
The process of adding a base station to the system (or "cell 
blossoming") requires expansion of the forward and reverse 
link coverage areas in unison of the new base station. 
Removing a base station (or "cell wilting") requires con- 
traction of the forward and reverse link coverage areas in 
unison of the removed base slatioa 
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^stauons contract wmie me new oase staiion s coverage areas 
B efore adding a new ba se station to the existing network, ^ With cell breathing capacity, this contraction and 

the forward link (or transmit) power and tlie reverse^llnk (or expansion continues until theadjaccnt base stations and the 
receive) signal p ower of the ne^ biase station are Jb othrt^ ^n^wb^e station are e qui^ly i-^-, the system aMns 
approximately equajjozgro; To bfifiin the process of a dding ^^r e^uHbrium . AltemativelyrcSumction and expansion may 
the new^elEtionT ^attenuator in the receive path of the \ cease when the transmit power level of the new base station 



permit handoff of calls between the new and surrounding 
ba se stations as the new base station is added to or rem oved 
fro m the SY Steip. ~" 

AsJiojjewjbasastat^^ 
and transmit powers are varied in correspondence with one 
another. That is, when adding the new base station, the 
transmit power is increased in correspondence with the 
decrease in the artificial noise receive power of the new base 
station. Accordingly, as the transmit power is increased by 
one dB, the artificial noise receive power is decreased by one 
dB. ThisjuieztQzanecorrespondence in transmit and receive 
power is maintained throughout the process of addin gjba 
n&w-^ase~statiQiUoUie jystem. 

Preferably, the process of adding the new base station is 
complete when the tiew base station's transmit power 
reaches a predetermined, desired level. Alternatively, if the 
ba^e stations are equipped with "cell breathing" apparatus 
(described below), the process of adding the new base 
station is complete when the system reaches an "equilib- 
rium" stale among all the base stations in the system. 

Each of the existing base stations has t wo coverage area s: 
an i solated coverage area and an e lective coveraj^ejf ca. The 
isolated coverage area refers to the rnaximurncoverggq.that 
a base station can have and is defineH^5ahej:_qnd^^^^ 
the baseltanon is^isblated froin all other base stations, i.e., 
is the only operated base station in the system. T he effective 
coverage area is the boundary around the base station wit hin 
which mobi le units are communicating with the base stati on. 
The effecti ve coverage are a movesinjand ^out in re sponse to 
the load o n the_basFs5 tk)n. 

Whe n the r iea:„Msc s tation is added tO- fe.JI^"^> its 
reverse link and forwSdTink coverage areas increase from 
essentially zero. If the system is equipped for cell breathing, 
this process continues, maintaining the reverse and forward 
link c overage are asjn a ba lanced relationshi p, i.e., at essen- 
ti^l^Uh^^^gl^^^. At the same time, the system dg greases « 
the effective forward and reverse link cov^ gc areas^flhe 
existing'base stations adjacent the new base station. Accord- 
ingly, the effective coverage areas of the adjacent base 
1^ stations contract while the new base station's coverage areas 



ne w base station is set to a high path loss or high attenuatio n 
le vel,^eating a highj e vel of artificial noij crcceivc power. 
An attenuator in the transmit path is also set to a high 
attenuation level, which in turn causes a low transmit power 50 
level. The high level of artificidliolseleceivepower results 
in the rever se link cove rage area oflheji ew base statio n 
bging_Yery_siiiaiL Stimilarlv, becauseJ he_forward link cov- 
erage area is directly proportio nal tothe transmit power, the 
very Idw iransmit^power level resultTinTHeTorward link 55 
co'^age'area also being very small. 

The process then continues by ,adj«st*figilie-atteim^^ inl 
the receive and transmit paths in pnison. The attenuation 
level of the attenuator in the receive path is decreased, 
thereby decreasing the level of artificial noise receive power, 60 
increasing the natural signal level, and hence increasing the 
siz ^ of the r^Y P-rRK li nk cQverg ge area. The attenuation level 
of the u-ansmit path attenuator is also decreased, thereby 
increasing the transmit power level of the new base station 
and expanding its forward link coverage area. The rate at |65 
which the transmit power is increased and the artificial noise 
receive power is decreased must be sufficiently slow to 



\reaches a predetermined desired level (the desired level 
Wing limited by the maximum power rating of the new base 
ktation). 

In a system equipped for cell breathing, after attaining 
equilibrium, as loading increases and decreases for various 
base stations, causing their effective reverse link coverage 
areas t o^xpandj adxao^ict, the forward link coverage area 
boundary is mMehfid-tflJ-^^ reverse linkco vets RCjrea. Thus, 
after the cell blossom ing process i s coniplete, the coverage 
areas for the base stations '*breathe"_ ig ^jLonLXoEether. \ 
The process of removing an existing base station from the 
network of base stations (or cell willing) is the reverse of cell 
blossoming. Thus, the coverage areas for the removed base 
station contract. This process continues until the forward and 
reverse link coverage areas for the removed base station arc 
approximately equal to zero. The result is that the removed 
base station is no longer operational, and the effective 
coverage areas of the adjacent base stations expand to fill the 
area vacated by the removed base station. Like cell blos- 
soming, cell wilting can be performed without the occur- 
rence of malfunctions or interruptions in system operation. 
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In the apparatus and method of the present invention, 
information can be communicated over the communications 
system using CDMA. CDMA is a direct sequence spread 
spectrum method of multiplexing transmissions by encoding 
the transmissions so that they are each distinctive. CDMA : 
multiplexing permits a larger number of transceivers (i.e., 
mobile telephone units) to communicate within the system 
than would otherwise be possible without this spread spec- 
trum technique. 

It is to be understood that both the foregoing general i 
description and the following detailed description are exem- 
plary and explanatory only and are not restrictive of the 
invention, as claimed. (j^*^ 

The accompanying drawings are included to provide a 
further understanding of the invention and are incorporated ^ 
in and constitute a part of this specification, to illustrate the 
embodiments of the invention, and, together with the 
description, to explain the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic overview of an exemplary mobile 
cellular telephone system; 

FIGS. 2A-2C show three unbalanced handoff conditions; 

FIG. 3 is a block diagram of the base station apparatus in 
accordance with the present invention; 

FIG. 4 is a block diagram of an alternative base station 
apparatus having cell breadiing capacity in accordance with 
the present invention; and 

FIGS. 5A-SC illustrate the cell blossoming in an exem- 
plary system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference will now be made in detail to the present 
preferred embodiment of the invention, an example of which 
is illustrated in the accompanying drawings. Wherever pos- 
sible, the same reference numerals will be used throughout 
the drawings to refer to the same or like parts. 

An exemplary embodiment of a terrestrial cellular mobile 
telephone system 100 in which the present invention may be 
embodied is illustrated in FIG. 1. The system illustrated in 
FIG. 1 may utilize time division multiple access (TDM A), 
CDMA, or other modulation techniques in communications 
between the mobile units 102 and the base stations 104. 
Cellular systems in large cities may have hundreds or 
thousands of mobile units 102 and many base stations 104, 
Nevertheless, the present system is not limited to mobile 
units 102 and may be used to interconnect fixed position 
cellular communications devices. For example, a remote 
unit 106 can be supplied at a building in order to send and 
receive data and/or voice communications between some 
device in the building and a home base 108 that collects the 
data. Transmissions from the base stations 104 to the mobile 
units 102 and remote unit 106 are sent on a forward link 120, 
while transmissions in the opposite direction are sent on a 
reverse link 130, 

A typical cellular, personal communication, or wireless' 
local loop system, such as that illustrated in FIG, 1, contains 
some base stations having multiple sectors. A multi-sectored 
base station comprises multiple ifldcpendenLicanatmt and 
re^eimam eanas as w elLasifi dependcnt processing circuitr y. 
Th^^£I£sest_inyention applies^equally to each sector of a 
sectorized base station and to single sectored independent 
base stations. For the remainder of this description, there- 
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fore, the term "base station" can be assumed to refer to either 
asectorof a t nultirsectored base station or a ainglsjssetored 
Saseitadoih^C ^. 5A-SC , discussed in detail subsequently 
herein, show an exempISy three sectoFlbase station 402. 

In accordance with the present invention, an apparatus 
and method are provided for adding and removing a tai^et 
b ase station^ in a networi r^^i3tinfin3aa_e station s. The 
network incjudes- base stations adjacent the targct^ba se 
^tatiQiL The target base station has a receive power level and 
a^^smit power level. Th e adjacent base stations an^ the 
targe t base^station each define a forward link cove rage area 
and a reyerseJmk.coA'^iag&.^sa^The apparatus comprises a 
first att enua tor for decreasing and increasing the level of 
artifiail noise receive powered thereby expanding and 
contracting the reverse link coverage area of theiargetbase 
station. The apparatus also comprises a second attenuatortor 
increasing and decreasing the transmit power level and 
thereby expanding and contracting the forward link cover- 
age area of the target base station. The attenuation levels of 
die first and second attenuators are controlled b y acontrojle r. 
In response to expansion of the reverse and forward link 
coverage areas of the target base station, the ^ective 
forward and reverse HtiL coverage are as of the adj acent bas e 
stotion£ contract. In response to contractio n df the reverse 
and forward link cgieiage^-m£^ of the targe t base stati on. 
25 the forward and^evgse link coverage areas of the adjacent , 

Each base station coverage area has two handoff bouno- 
aries. A handoff boundary is defined as the physical location 
between two base stations where the link would perform in 
die same manner regardless of which of the base station the 
mobile imit was in corrmnunication with. Each base station 
has a forward link handoff boundary and a reverse link 
handoff boundary. The forward link handoff boundary is 
defined as the location where the mobile unit's receiver 
would perform the same regardless of which base station it 
was receiving. The reverse link handoff boundary is defined 
as the location of the mobile imit where two base station 
receivers would perform the same with respect to that 
mobile unit. The present invention is described herein in the 
preferred embodiment based on a system having soft hand- 
off capability. However the invention is equally applicable to 
all types of handoff operation. 

It is beneficial to balance (i,a align) the reverse link 
handoff boundary to the forward link ha ndoff boundar y, or 
45 vice versa, in order to in^dmize^systemjcapacity. A handoff 
boundary is always defined between at least two base 
stations. For example in FIG. 2A forward link handoff 
boundary 60 is a function of the power transmitted from base 
station 10 and firom base station 40 as well as interference 
from other surrounding base stations (not shown) and other 
inband sources. Reverse link handoff boundary SO is a 
function of Uie power level received at base station 10 and 
base station 40 from a mobile unit at that location and the 
power level received at base station 10 and base station 40 
from the other mobile units and other inband sources and 
any noise generated by the receiver in base stations 10 and 
40. 
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Ideally the forward link handoff boundary and the reverse 
link handoff boundary are co-located so that the optional 
system capacity may be achieved. If they are not co-located 
then three situations that are detrimental to capacity can 
occur. FIG. 2A shows the first of these situations, A soft 
handoff region is the physical region between two base 
stations where a mobile unit located within the region is 
likely to establish cormnunication with both base stations. In 
HG. 2A the shaded portion represents soft handoff region 
20. 
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In mobile unit assisted soft handoff, the handoff region is 
defined by the forward link characteristics. For example, in 
FIG. 2A soft handoff region 20 represents the region where 
both the signal quality from base station 10 and the signal 
quality from base station 40 are sufficient to support com- 5 
munications. When mobile unit 30 enters soft handoff region 
20, it will notify whichever base station it is in communi- 
cation with that the second base station is available for 
communications. The system controUer (not shown) estab- 
lishes communicalion between with the second base station 
and mobile unit 30 as described in above mentioned U.S. 
Pat. No. 5,267,261. When mobile unit 30 is in soft handoflf 
between base station 10 and base station 40, both base 
stations control the transmit power from mobile unit 30. 
Mobile unit 30 decreases its transmit power if either base 
station commands a decrease and increases its transmit 
power only if each base station commands for an increase as 
disclosed in the above mentioned U.S. Pat No. 5,265,119. 

F IG._2A^ hows the first situation which is detrimental to 
system capacity. In FIG. 2A^ fQrward link handoff boundary 
60 and reverse link handoff boundary 50 are significantly 
unbalanced (i.e. spaced apart). Mobile unit 30 is located in 
a position where communication is established only with 
base station 40. In the region where mobile unit 30 is 
located, the forward link performance is best with base ^5 
station 40 but the reverse link performance would be belter 
if mobile unit 30 were conununicating with base station 10. 
In this situation mobile trait 30 is transmitting more power 
than it would be transmitting if it were in communication 
with base station 10. The increased transmit power adds 
unnecessarily to the total interference in the system thereby 
adversely effecting capacity. It also increases the overall 
power consumption of mobile unit 30 thereby decreasing its 
battery life. And it endangers the communication link if 
mobile unit 30 reaches its maximum transmit power and is ^5 
unable to respond to commands for increased power. 

RG. 2B show an alternative but also detrimental result of 
MTmBalSnced handoff condiUon. In FIG. 2B, soft handoff 
region 70 is positioned about reverse link handoff boundary 
50. This handoff position could be the result of an alternative 40 
handoff scheme where handoff is based on the reverse link 
performance instead of the forward link performance. In one 
such case, each base station would attempt to measure the 
power received from each mobile unit. When the measured 
power level exceeds a threshold or exceeds the level 45 
received at other base stations, communication with a sec- 
ond base station is established. In FIG. 2B, mobile unit 30 
is located in a region where communication is established 
only with base station 10. As in FIG. 2 A in the region where 
mobile unit 30 is located, the forward link performance is 
best with base station 40 but the reverse link performance is 
best with base station 10. Unlike the reverse link, the 
forward link does not have a large dynamic range of transmit 
power and as mobile unit 30 moves toward base station 40, 
interference from base station 40 increases as the received 55 
power level from base station 10 decreases. If the power 
level from base station 10 falls below a sufiBcient signal to 
interference level or below a certain absolute level, the 
communication link is in danger being of lost. The power 
level transmitted from base station 10 is slowly increased 
within a Umited dynamic range as mobile unit 30 moves 
away from base station 10. This increase in power adversely 
interferes with other users in base station 10 and base station 
40 thus urmecessarily decreasing capacity. 

Yet another alternative is a combined handoff scheme 65 
based on both the forward link performance and the reverse 
link performance. FIG. 2C shows one such scenario. In FIG. 
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2C, handoff region 80 is large and encompasses both reverse 
link handoff boundary 50 and forward link handoff boundary 
60. But unnecessary soft handoff directly decreases the 
capacity of the system. The purpose of soft handoff is to 
provide a make before break handoff between base stations 
and to provide an efficient power control mechanism. How- 
ever if the soft handoff region is too large, the negative 
effects become significant. For example, in FIG. 2C, both 
base station 10 and base station 40 must transmit to mobile 
unit 30 while mobile unit 30 is in soft handoff region 80. 
Thus the total system interference is increased while mobile 
unit 30 is in soft handoff region 80. In addition, resources at 
both base station 10 and base station 40 must be dedicated 
to the signal received from mobile unit 30. Therefore 
increasing the size of the soft handoff region is not an 
efficient use of the system capacity and resources. 

The solution to these adverse effects is to balance (i.e. 
collocate) the reverse Hnk handoff boundary to the forward 
link handoff boundary or vice versa. This balance needs lo 
be maintained during the addition or removal of a base 
station from the system. To add a base station, the forward 
link boundary set by the transmitted power is slowly 
increased. For optimal system performance, the reverse link 
handoff boundary should track the slowly expanding for- 
ward link handoff boundary. To remove a base station, the 
reverse link handoff boundary should track the slowly 
contracting forward link handoff boundary. 

The forward link performance can be controlled by the 
base station. In an exemplary CDMA system, each base 
station u-ansmits a pilot signal. The mobile units perform 
handoff based on the perceived pilot strength as described 
above. By changing the signal power of the pilot signal 
transmitted from the base station, the forward link handoff 
boundary location may be manipulated. 

The reverse link performance can also be controlled by 
the base station. The noise performance of the base station 
receiver sets the minimum receive signal level that can be 
detected. The noise performance of the receiver is typically 
defined in terms of an overall system noise figure. By 
controlling the noise figure of the receiver, e.g., by injecting 
noise or adding attenuation, the reverse link performance, 
and hence the reverse link handoff boundary, may be 
adjusted, 

The present invention uses a controllable attenuator in the 
reverse link path to control the reverse link coverage area. 
The attenuator is situated either before or after the base 
station low noise amplifier (LNA). The attenuator must be 
situation close enough to the LNA to effect the over all noise 
performance of the base station. The ideal location for the 
attenuator is before the LNA such that the attenuation level 
and the added noise level have a linear correlation. Due to 
the fact that most attenuators are not ideal and do not give 
zero attenuation at the minimum setting, optimal system 
performance in the limiting case of no required attenuation 
may dictate that the attenuator be placed after the LNA. 
When the LNA is placed after the LNA, the effect of the 
attenuator on the system will not have a one to one corre- 
spondence with the attenuation value and the system will 
have to be calibrated. The following scenario suggest an 
ideal configuration where the attenuator is place in front of 
the system LNA. 

A variety of other mechanisms exists that can be used to 
control the function which in the preferred embodiment 
described herein is achieved with attenuators. For example, 
au tomatic gain control ci rcuits (AGC) comprised of variable 
ggSua gipirfiers canM ^£a:'^[Er^ain ofdjcpoweriampHfier 
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and LNA can be varied. The actual performance of the 
antenna could be modified to provide die same effect, A 
controllable noise generator could be used to inject noise 
into the receiver. 

In the exemplary handoff scheme described above, hand- 
off boundaries are based on measurement of the base sta- 
tion's pilot signal strength at the mobile unit. An alternative 
to controlling the total transmit power of the target base 
station would be to control only its pilot signal level. To the 
coverage area designer this scheme may have some appeal, 
but controlling the total transmit power, including the traflSc 
(e.g., active calls) and pilot signals, has some advantages. 
First, the ratio of the pilot signal to the traffic channel signal 
remains fixed. The mobile unit is expecting the ratio to be 
fixed and bases allocation of its resources on the ratio. If the 
mobile unit were to receive two equally powerful pilot 
signals, each corresponding to a traffic channel having a 
different power level, the demodulation of the two signals in 
the soft handoff process would be corrupted. Second, con- 
trolling the total transmit power reduces the interference to 
other base station coverage areas. If the pilot signal is not 
strong enough to warrant a handoff in the coverage area of 
a neighboring base station, the high powered traffic channel 
signal adds unusable and unnecessary interference to that 
area. The configurations of FI GS. 3 and 4 are based^ on 
conUglling^dietQtal j)ower transniitted from a hasp station. 

With reference to FIG. 3 , the apparatus of the present 
invention for addingm id removing a base station 200 from 
a network of cxistin^J^estauons wULbenow described. 
The basesmtion^OOhaTTlMS^ a receive 

path i BjntHe r eceive pa thlsTlrs t attenuator 210i^atcan 
be us ed to control^ level of aitifid^ noise receive p ower of 
the base statiorTiBOrThe natiS signal power (P^) is input 
to the first attenuator 210 which varies the level of the 
natural signal power from the mobile units which reaches 
LNA 224 and which varies the level of artificial noise 
receive power perceived by the receiver The output of LNA 
224 (Pjf) represents the sum of the attenuated natural signal 
power and artificial noise receive power as amplified by 
LNA 224. In Uie transmit path 202 is a second attenuator 
218, which is used to vary the transmit power level of the 
base station 200. The actual transmit power (P^) is input to 
the second attenuaor 218, which outputs the transmit power 
(Pr)^o a high power amplifier 222, which in turn outputs the 
final transmit power (Pfw^J. 

The ^nuation Icye lsjof bi ^th the first and second attenu- 
ators 2f0, 218 are controlled by a controller 220. The 
controller 220 can vary the attenuation levels of the two 
attenuators 210, 218 in concert or independently. The con- 
troller 220, preferably a microprocessor based unit, can be 
designed such that it varies the attenuation levels of the two 
attenuators 210, 218 such that there is a correspondence, i.e., 
dB for dB, in the effect of both attenuators. Thus, in response 
to the controller 220, for each 1 dB increase or decrease in 
the first attenuator 210, the second attenuator 218 will also 
experience an inaease or decrease in attenuation of 1 dB. It 
should be understood, however, that the two attenuators 210, 
218 need not have the same attenuation level, just that their 
attenuation levels increase and decrease at the same rate. 

During the cell blossoming and wilting processes, the 
forward and reverse link coverage areas (and handoff bound- 
aries) are preferably balanced. It is beneficial to balance the 
reverse link handoff boundary to the forward link handoff 
boundary, or vice versa, in order to maximize system capac- 
ity even when the target base station is fiilly blossomed and 
operating in a static condition. The signal to interference 
level of the forward link signal received at a mobile unit is 
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a function of the number of other mobile units located within 
that base station's coverage area. As the loading on one base 
station increases, the forward link handoff boundary shrinks 
toward the base station. The reverse link boundary is not 
effected in the same manner. Thus, a system that is initially 
balanced may become unbalanced over time. 
^ To balance the forward and reverse link handoff bound- 1 
aries, thejiz^Mlhg^iase^statifla^ can be made I 

to " breS ^^^Tandout. Breathingeitoivply moves the 
reverse link handoff boundary to the same location as the I 
forward Imk handoff boundary. The process of "cell breath- 
ing" can be used to maintain the coverage ancas (and handoff / 
boundaries) of the target base station in alignment. In a/ 
system with cell breathing_capadt^, each base station in the/ 
system is initially calibiit^Tsuch that the sum of ihJ 
unloaded receiver path noise and the desired pilot power ii 
equal to a calibration constant. As the cellular systen! 
becomes loaded (i.e., mobile units begin to communicate), i 
compensation network maintains a constant relationshi) 
between the receive power and the pilot power transmitted 
by each base station. The loading of abase station cffectivel] t 
moves the reverse link coverage area closer to die basa 
station. To obtain the same effect on the forward link, i.e.^ 
moving the forward link coverage area closer, the pilot \ 
20we ^is dccrcas edas loading is increas^. Cell breathing is * 
desciribed in co^^ehding iXST^atenT application Ser. No. 
08/278.347, filed Jul. 17, 1994, entided "METHOD AND 
APPARATUS FOR B ALANQNG THE FORWARD LINK 
HANDOFF BOUNDARY TO THE REVERSE LINK 
HANDOFF BOUNDARY IN A CELLULAR COMMUNI- 
CATION SYSTEM" assigned to the assignee of the present 
invention. 

For breathing to be effective, the reverse link handoff 
boundary and the forward link handoff boundary must be 
initially aligned. Each of these boundaries is dependent on 
the performance of at least two base stations. As shown 
below, to align the two boundaries, die sum of the perfor- 
mance of the forward link to the performance of the reverse 
link should be same for all the base stations in the system. 

Using the pilot signal strength to control the forward link 
handoff boundary and the noise figure to control the reverse 
Imk handoff boundary, an overall system constant must be 
chosen. Rather than try to force all the base stations to be 
equal, the easiest method is to define a constant and change 
the performance of every base station to match the constant. 
In the interest of system performance, the minimum increase 
in noise is desired. Therefore to define the constant, K,^^^,, 
for each base station, the following equation is used: 
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' aUi 



Eq. 1 



where: 

N^i^.,. is the receiver path noise of base station i in dB; 

^Mojc i is the maximum desired pilot signal power of base 
station i in dB; and 

MAX all i [ ] finds the largest such sum of all base 
stations in a system. 
To prove that setting the sum of the received power and 
the transmitted power to a K,^^, indeed balances the system, 
several assumptions are made. The first is Ui at in any base 
station using multiple redundant receive and transmit anten- 
nas, the antennas have been balanced to have the same 
performance. Also it assumes that the identical decoding 
performance is available at each base station. It assumes a 
constant ratio between total forward link power and pilot 
signal power and reciprocity in the forward link path loss 
and the reverse link path loss. 
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To find the forward link handoff boundary between two 
arbitrary base stations, base station A and base station B, 
start by noting diat the forward handofif boundary occurs 
where the pilot power of the two base stations is equal. 
Assume that mobile unit C is located at the boundary, 5 
mathematically: 



Pilot Power of A ftr'd ai C 
Total Power Received at C 



Pilot Power of BJgt'd at C 
' Total Power Received at C 



Eq.2 



Noting that the power received at the mobile unit is equal to 
the power transmitted times the path loss, the above 
becomes: 



Pilot Power Tx'd from A x Path loss from A to C 
Total Power Received at C 



Eq. 3 



Pilot Power Tx'd from B x Path loss from g to C 
Total Power Received ai C 

Re-arranging the last equation and eliminating the common 
denominator, yields: 



Pilot Power n^d from A 



_ Path loss from fl to C 
" Path loss from A to C 



Eq. 4 



20 



Piloi Power TjT'd from 5 

Following the same procedure for the reverse link and 
noting that the reverse link handoff boundary occurs where 
each base station perceive the same signal to interference 25 
ratio for that mobile station: 



Powerof C/ijc'dalA 



Power ofCRx'datB 



Eq. 5 



Total Power Received at A Total Power Received at B 

Noting that the power received at the base station is equal to 
the power transmitted times the path loss, this last equation 
becomes: 



Power Tx'd from C x Path loss from C to A 
Total Power Received at A 



Eq. 6 



Power Tx'6 from C X Path loss from C to i? 
Total Power Received at B 



40 



Re-arranging this equation and eliminating the common 
numerator, yields: 

Total Power Received at A _ Path loss from Cto A Eq. 7 

Total Power Received at if ~ Path loss from C to 5 

Due to the assumed reciprocity in the forward and reverse 
link path loss at any location, Equations 4 and 7 may be 
combined to yield: 

Total Power Received ai A _ Pilot Power Tx*d from B Eq. 8 

Total Power Received at ~ Pilot Power Tx'd from A 

Changing the units of Equation 8 from linear power to dB 
yields: 

50 

Total Power Received at A (dB) - Eq. 8' 

Total Power Received at B (dB) = 
Pilot Power Zr'd from B (dB) - 

Pilot Power Tx*d from A (dB) 

Equation 8' is equivalent to premise set forth in that: if Total 55 
Power Received at A (dB)+Pilot Power Tx'd from A (dB)= 
K,^^^, and Total Power Received at B (dB)+Pilot Power Tx'd 
from B (dB)=K^^, then Equation 8 will be satisfied, and the 
forward link handoff boundary and the reverse link handoff 
boundary are co-located. 60 

Three mechanisms are need to perform the breathing 
fbnciion: a means of initially setting performance to K,^^^/, 
a means of monitoring the fluctuations in the reverse link, 
and a means of changing the performance of the forward link 
in response to the reverse link fluctuations. 65 

One method of initially setting the performance to K;^, 
is to measure the maximum available pilot signal strength 
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taking into account the variation over temperature and time 
and adding attenuation in line with the receiver in a no input 
signal condition until the K;^^^, performance is achieved. 
Adding attenuation desensitize the receiver and effectively 
increases the noise figure thereof This also requires that 
each mobile unit transmit proportionately more power. The 
added attenuation should be kept to the minimum dictated 
by ^iev.i- 

Once initial balance is achieved, the power coming into 
the base station can be measured to monitor the reverse link 
performance. Several methods can be used. Measurement 
can be done by monitoring an AGC (automatic gain control) 
voltage or by directly measuring the incoming level This 
method has the advantage that if a jammer is present (such 
as an FM signal) this energy will be measured and the 
handoff boundaries will be drawn closer to the base station. 
By drawing the handoff boundary closer to the base station 
the jammer may be eliminated from the coverage area of the 
base station and its effect minimized. Measurement could be 
made by simply counting the nunnber of users communicat- 
ing through the base station and estimating the total power 
based on the fact that each mobile unit's signal nominally 
arrives at the base station at the same signal level. 

In an ideal configuration, the breathing mechanism would 
measure the receive power and change the transmit power 
proportionately. However, some systems may not use the 
proportional method and may instead change the transmit 
level only a fraction of the perceived changed in receive 
power. Another alternative changes the transmit level only 
when the receiver level exceeds a predetermine threshold. 
This method could be used to primarily deal with jammers. 

Referring now to F IG. 4,^ e base station 200 may be 
equipped with c^ll breathing apparatu s, wfuch re nders the 
transn^t,_power resp onsive to fluctuations in the r eceive 
power. In this ceUbre ^hing apparatus , t he recejvepa th 204 
incliidesjmUml^ii&Jrg^^ 224, but 

also a p ower detector 30 2, which generates a pow er level 
output signal indijgating the tot al power in the total output 
power from at the output of LNA 224. A lowpass filter 304 
averages the power level output signal. A scale and threshold 
component 306 sets the desired ratio and offset of the 
relation between increases in the receive power and 
decreases in transmit power and outputs a control signal 

The transmit path 202 controls the transmit power in 
response to variations in the receive power The control 
signal (C^cv) output by the scale and threshold component 
306 is input to the second attenuator 218 in the transmit path 
202. The second attenuator 218 generates a comparative 
transmit power (P^), which is a function of the actual 
transmit power (P^) of the base station 200 and C^^v The 
second attenuator 218 adjusts the transmit power of the base 
station 200 in response to the receive power of the base 
station 200 so that the transmit power essentially tracks the 
receive power dB for dB. Thus, as the receive power 
increases 1 dB, the transmit power also increases approxi- 
mately 1 dB. The comparative transmit power (PJ output by 
the second attenuator 218 is input to the high power ampli- 
fier 220, which amplifies and thereby generates the final 
output transmit power signal {PfinaD- 

The r atejt which cell blossoming and wilting are per- 
fomied is governed by the rate at which a.afl£Lh ^idoff can 
6e_^ccoraplished. In present systems, theJ f asLest a sof t 
haadoE^ rte"'accomplished is appro^ iniatcly Vlo of a 
second. According to this time^jo^assur^^ 
oc<aiTgjj>4giom jisco nnection or interruptionoLthe call in 
pfD£I£ gs,^the _tr^ ^I^gmn (which is measured in dB) is 
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adjusted (via the second attenuator 218) at a rale of l-2y 
dB/second. Preferably, however, to provide a margin fc 
error in soft handofF, the transmit gain is adjusted ai a lowi 
rate, namely, less than 1 dB/second. Skilled artisans wipl 
recognize that, as the time required to accomplish a soft 
handoff decreases, the rate at which the transmit gain 
adjusted can be increased. For example, if'oSiy^ioo of 
seco^nd^ere required to accomplish a soft handoff, transmii 
gain could be adjusted at a rate 10 times greater than that! 
used today. The rate at which the first and second attenuators 
210, 218 increase and decrease the receive and transmit 
power levels can be controlled to provide the requisite 
timing. An attenuator rate^controller can be provided that is 
either fixed at a predetermined rate, ^r- variable to accoun t/ 
for different timing requirements foT soft haiidoff^'^ose i 
skilled in the art will recognize that such controllers can be 
implemented via hard wired or integrated circuitry or via 
software. 

Referring now to FIGS. 5A-5C, c ell blossoming is illus - 
traled, showing how new base station 404 is added to 
network of existing base stations 400. Cell blossoming is 
us eful in a vari et y of circumstances. F or example, when the 
nctwork_404 becomes heavily loaded with commu nicatinfi 
mobile units-suclT^j nJa stadium p arking lot precedi ng a 
sporting event, or in the event of a major traffic jam on a 
freeway — the network of existing base stations 400 may not 
have the caiagcitv-to-li andle the i ncreased load. Therefore, 
unless the network's capacity isincreased, some mobile 
units will be denied access to the cellular system. One way 
to remedy this problem i s to add an additi onal base station 
to Jien^tafork^ftO loco pe' withl HeTrj ^a^gJ oadrTrell 
blossoming is an effective way to add a base staljon to the 
netAYOElt.400. ~ ' ^ 

In accordance with the present invention, cell blossoming 
is performed such that the new b ase station 404 is added to 
the network 400 without affecting ^an:^-Qther^sy stem ogera- 
tions, includingc^ls^^gress. Befo re the cell bloss oming 
rocess commences, new^se^sm tion 404 ha s approxi- 
matd^j^^^^jLEQwermid^pi^^ 
rc ccive signal power from the mobile umts and high artifi- 
dgjjmsepowe r. Base stati on sectOT3402 A, 402C.^ d 406A 
are providiiig ^coverage for the area m which new base 
sta tion 4 04 will eventually operate during and after cell 
blossoming. 

As the process of cell blossoming b egins, Jhe apparatus of 45 
new base^statipn 404 performs a variety of -functions. The 
controller 220 sets the attenuation levels of the first and 
second attenuators 210. 218 to a high level. The high 
attenuati on level of the first attenuator 210 c auses a hi gh 
g^tlUosairOjiejPcc^^ 204 of the new base station4^, 
which-causes the artificial noise receive poweTof thenew 
base station 402 to rcaclLajughJevel. In r esponse to the 
controller 220, the attenuation leyeljjfrlhe first attenuator 
210 decreases, causing the artificial noise receive power to 
ase from the high level reducing the artificial noise 
ived noise contribution to the total receive power (?^) 
us causingjhe-FQMQt^a xoverage area ol Jhe new_base 
station 402!S£lS£S^i}^J^c controller also deCTcas esThe 
atitenuatipn level of the second attenuator 218, preferably dB 
for dB^ith the effect of the attenuatignJei^ijaf the first 60 
attenuator 210. The acmal transmit power (P^) is input to the 
second attenuatoT218, and the decreasing attenuation level 
of the second attenuator 218, in tum, causes the transmit 
power level (P^.) of new base station 404 to increase. As a 
result, tl ig forward andj everse-link-Qovcrage area of new 65 
base station 404 e xpands a s shown bycbverage area 404A 
in FIG. 5B. ^ 



In FIG. 5 A dark lines 410 and 412 mark the approximate 
handoff boundaries between sectors 402A^Q2C, and 406A 
such that mobile unit 420 is communicating through sector 
402A, mobile unit 424 is communicatingjhiaugjij sector 
402C_and mobile unit 422 is communicating through sector 
^SSATln FIG. 5B the c ^aaded coverage area of base station 
402 Jias expanded jo j^erage area 404 A W handoff 
bounaaries between sectors 404 A and sectors 402A, 402C, 
and 406A is indicated by irregular shape 408. Due to the 
balance blossoming process, irregular shape 408 represents 
both the forward and reverse link handoff boundaries. Note 
that in FIG. 5B, mobile unit 422 is most likely in soft handoff 

between bas e station 404 and sector 406A. 

"blossoming continues as shown in FIG. 5C, the 
forward and reverse link coverage area 404A continues to^ 
increas_e. In FIG. 5C, the effective coverage ^^eTliias 
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^cxpan^ ed as shown by the hand off boundaries ill ustrated by 
"g^g^^ge^ii. In FlorSC both moEiIeuiiir422 and 
' 4i4 are m comnmmcation with base station 404 because 
they are located on the interior of irregular shape 430. Thus 
sectors 402A, 402C, and 406A have reduced load of mobile 
units and network 400 is capable of handing more simulta- 
neous calls. 

If^ew base station 404 is equipped with the cell breathing 
apparatus of FIG. 4, operatio n of the apparatuf ot n ew "Bas e 
stati on 404 is asJ5j.llows. As above, the attenuationTeveTof 
the^rst attenuator 210 is set to a high level and is subse- 
qu ently dec reased. The power detector 302 detects a power 
level output indication, which is proportional to the receive 
power level of the new base station 402. After processing by 
the lowpass filter 304 and the scale and threshold component 
306, control signal (C^ev) is output to die second attenuator 
218 in tiie transmit patii 202 of tile new base station 402. As 
described above, the second attenuator 218 processes C^cv 
together with the actual transmit power (P^) of the new base 
station 402, and, in response to the de crease in the receive 
power, the transmit power of new base^tation 404 increases. 
In consequence, because the artificial noise receive power is 
decreasing and the transmit power is increasi ng, the reverse 
and forward link coverageareas of the new^ase station 402 
both expand together malntaimng alignment or the naifdoff 
boundari es^ 

XheLadi acent ba se stations 402 and 406 may include the 
same cell breathing apparatus (shown in FIG. 4) as the new 
base station 404. Thus, the adjacent base stations 402 and 
406 may include apparams for detecting the power level 
output indication proportional to the receive power and for 
adjusting then- transnut power level in response to the power 
level output indication. 

Cell blossoming ceases, as illustrated in FIG. 5C, when 
the new base station 404 reaches a predetermined desired 
transmit power level if breathing is not implemented. If 
breathing is implemented in the system, the coverage area of 
the new base station 404 depends on the existing load on the 
system. The final coverage area is a function of the new base 
station's 404 maximum power rating. It is also a function of 
the receive power of each of the base stations in the network 
400. Other variables may include noise in die system, the 
number and location of mobile units communicating within 
the system, and the power rating of the other base stations. 

In example of FIG. 5A-5C show cell blossoming is used 
to increase the number of active calls in the system. The 
reverse process would occur for cell wilting. Cell wilting can 
be used to remove a base station from service for repair. 
When the repair was complete, the base station would 
blossom back into operation. 

Those skilled in the ait wiU also recognize that the present 
invention can be used for a variety of different base stations. 
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As discussed above, in cellular coramunications systems, aQ 
base stations may be single or multiple "sectored." The ^ 
coverage area of a single sector base station, a basically > 
circular co nfigurat i on, is illu strated in b v cov erage area 
404ArMulT!ple~sector base stSons^'^irafe us^a^nctTas 5 
base station 402 in FIG. 4 illustrates a having three sectors 
402 A, 402B, 402C, each sector providing approximately '/s 
of the coverage area of the base station 402. Base stations 
may have different numbers and configurations of sectors 
than that shown in FIG. 4. In most operating cellular system, 
each sector of a base station h as_two independent receiy e 
jj^h^iiich would require duplicate receive path antennas. 
- The present invention can be used in blossoming and 
wilting single or multiple sector base stations. For example,' 
for the three-sectored base station 402 illustrated, when 
blossoming, each sector 604, 606, 608 will expand at the 
same rate. When wilting, each sector 402A, 402B, 402C will 
contract at the same rate. Moreover, any one or a combina- 
tion of the sectors 402A, 402B, 402C can blossom or wilt 
independent of the others. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the apparatus 
and method of the present invention without departing form 
the spirit or scope of the invention. Thus, it is intended that 
the present invention cover the modifications and variations 
of this invention, provided they come within the scope of the 
appended claims and their equivalents. 

What is claimed is: 

1. In a system having a plurality of base stations for 
bi-directional communication with a remote unit wherein 
information is communicated to said remote unit from said 
plurality of base stations on a forward link and information 
is conununicated to said plurality of base stations from said 
remote unit on a reverse link and wherein each base station 
defines a forward link coverage area and a reverse link 
coverage area, a method of adding a new base station having 
a new reverse link and a new forward link coverage area to 
said plurality of base stations comprising the steps of: 

increasing gradually a receive sensitivity of said new base 
station such that said new reverse link coverage area of 
said new base station is gradually expanding; and 

adjusting a forward link power level at said new base 
station based on said receive sensitivity to preserve a 
balance of a location of said new reverse link coverage 
area in relation to a location of said new forward link 
coverage area. 

2. A method of adding a new base station of claim 1 
wherein the product of a reverse link power level at said new 
base station and said forward link power level at said new 
base station is equal to a constant during said steps of 
increasing gradually said receive sensitivity and adjusting 
said forward link power level. 

3. In a system having a plurality of base stations, each of 
said plurality of base stations having a corresponding for- 
ward link coverage area and a corresponding reverse link 
coverage area wherein each of said plurality of base stations 
is for communicating to a remote unit located within said 
corresponding forward link coverage area and each of said 
plurality of base stations is for receiving conmiunication 
from a remote unit located within said corresponding reverse 
link coverage area, a method of adding a new base station to 
said plurality of base stations having a first forward link 
coverage area and a first reverse link coverage area com- 
prising the steps of: 

increasing gradually a level of transmit power of said new 
base station to expand a location of said first forward 
link coverage area; and 
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decreasing gradually a level of artificial loading of said 
first reverse link coverage area to expand a location of 
said first reverse link coverage area; 
wherein said location of said first forward link coverage 
area and said location of said first reverse link coverage 
area are co-located during said steps of increasing and 
decreasing. 

4. The method of adding a new base station of claim 3 
wherein a total reverse link power level sets said location of 
said first reverse link coverage area wherein said total 
reverse link power level comprises energy received from a 
set of remote units located within said expanding first 
neverse link coverage area and said level of artificial loading. 

5. The method of adding a nev^/ base station of claim 4 
wherein said total reverse link power level of said first 
reverse link coverage area further comprises energy received 
from a non system user and a set of remote units located 
within a reverse link coverage area corresponding to a 
second base station. 

6. The method of adding a new base station of claim 3 
wherein said step of decreasing gradually said level of 
artificial loading of said first reverse link coverage area is 
limited to a maximum coverage area boundary. 

7. A method for beginning coinmunicatian with an addi- 
tional base station in a system comprising a plurality of 
operating base stations comprising the steps of: 

transmitting a forward link signal at a first selected power 

level from said additional base station defining a first 

forward link coverage area; 
receiving a reverse link signal at a first power level at said 

additional base station defining a first reverse link 

coverage area; 

transmitting a forward link signal at a selected power 
level from a first operating base station defining a 
second forward link coverage area, wherein said first 
forward link coverage area and said second forward 
link coverage area intersect to define a first forward link 
equality location at which a mobile unit receives com- 
munication with the same performance level vinth said 
additional base station and said first operating base 
station; 

receiving a reverse link signal at a power level at said first 
operating base station defining a second reverse link 
coverage area, wherein said first reverse link coverage 
area and said second reverse link coverage area inter- 
sect to define a first reverse link equality location 
wherein said additional base station and said first 
operating base station receive communication from a 
mobile unit at said first reverse link equality location 
with the same performance level and wherein said first 
forward link equality location and said first reverse link 
equality location are the same; 

transmitting firom said additional base station said forward 
link signal at a slightly higher power level defining a 
shghtly larger first forward link coverage area and a 
second forward link equality location such that said 
second forward link equality location is closer to said 
first operating base station than said first forward link 
equality location; and 

receiving at said first base station said reverse Hnk signal 
at a slightly lower power level thereby defining a 
slightly larger first reverse link coverage area of said 
additional base station and defining a new reverse link 
equality location in the same location as said second 
forward link equality location. 

8. The method for beginning communication with an 



additional base station of claim 7 wherein each of said 
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plurality of operating base stations in said system transmits 
a pilot signal and wherein said forward link signal from said 
additional base station is said pilot signal corresponding to 
said additional base station. 

9. The method for beginning communication with an 
additional base station of claim 7 wherein each of said 
plurality of operating base stations in said system transmits 
a pilot signal and message signals and wherein said forward 
link signal from said additional base station is said pilot 
signal and said message signals corresponding to said addi- 
tional base station. 

10. The method for beginning communication with an 
additional base station of claim 7 wherein the product of said 
first selected power level of said forward link signal from 
said additional base station and said first power level of said 
reverse link signal at said additional base station is equal to 
a constant and wherein the product of said slightly higher 
power level of said forward link signal from said additional 
base station and said slightly lower power level of said 
reverse link signal at said additional base station is equal to 
said constant, 

U. The method for beginning communication with an 
additional base station of claim 10 wherein the product of 
said selected power level of said forward link signal firom 
said first operating base station and said power level of said 
reverse link signal at said first operating base station is equal 
to said constant. 

12. The method for beginning communication with an 
additional base station of claim 10 wherein said first power 
level of said reveree link signal at said additional base station 
comprises an amount of artificial power. 

13. The method for beginning communication with an 
additional base station of claim 12 wherein said power level 
of said reverse link signal at said first operating base station 
comprises an amount of artificial power such that the 
product of said power level of said forward link signal from 
said first operadng base station and said power level of said 
reverse link signal at said first operating base station is equal 
to said constant. 

14. In a system having a plurality of base stations for 
bi-directional communication with a mobile unit wherein 
information is communicated to said mobile unit from said 
plurality of base stations on a forward link and information 
is communicated to said plurality of base stations firom said 
mobile unit on a reverse link and wherein each base station 
defines a forward link coverage area and a reverse link 
coverage area, a method of removing a first base station 
having a first reverse link and a first forward link coverage 
area from said plurality of base stations comprising the steps 
of: 

decreasing progressively a receive sensitivity of said first 
base station such that said new reverse link coverage 
area of said first base station is progressively contract- 
ing; and 

adjusting a forward link power level at said first base 
station based on said receive sensitivity to preserve a 
balance of a location of said first reverse link coverage 
area in relation to a location of said first forward luik 
coverage area. 

15. A method of removing a first base station of claim 14 
wherein the product of a reverse link power level at said first 
base station and said forward link power level at said first 
base station- is equal to a constant during said steps of 
decreasing said receive sensitivity and adjusting said for- 
ward link power level. 

16. In a system having a plurality of base stations, each of 
said plurality of base stations having a corresponding for- 
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ward Hnk coverage area and a corresponding reverse link 
coverage area wherein each of said plurality of base stations 
is for conmiunicating to a mobile unit located within said 
corresponding forward link coverage area and each of said 
plurality of base stations is for receiving communication 
from a mobile unit located within said corresponding reverse 
link coverage area, a method of removing a wildng base 
station from said plurality of base stations having a wilting 
forward link coverage area and a wilting reverse link cov- 
erage area comprising the steps of: 

decreasing non-instantaneously a level of transmit power 
of said wilting base station to contract a location of said 
wilting forward link coverage area; and 
increasing non-instantaneously a level of artificial loading 
of said wilting reverse link coverage area to contract a 
location of said wilting reverse link coverage area; 
wherein said location of said wilting forward link cover- 
age area and said location of said wilting reverse link 
coverage area are co-localed during said steps of 
increasing and decreasing. 

17. The method of removing a wilting base station of 
claim 16 wherein a total reverse link power level sets said 
location of said wilting reverse link coverage area wherein 
said total reverse link power level comprises energy 
received from a set of mobile units located within said 
wilting reverse link coverage area and said level of artificial 
loading. 

18. The method of removing a wilting base station of 
claim 17 wherein said total reverse link power level of said 
wilting reverse link coverage area further comprises energy 
received firom a non system user and a set of mobile imits 
located within a reverse link coverage area corresponding to 
a second base station. 

19. The method of removing a wilting base station of 
claim 16 wherein said step of increasing non-instanta- 
neously said level of artificial loading of said wilting reverse 
link coverage area is terminated when said wilting reverse 
link coverage area is virtually eliminated. 

20. A method for terminating communication with a target 
base station in a system comprising a plurality of operating 
base stations comprising the steps of: 

transmitting a forward link signal at a flirst selected power 

level from said target base station defining a first 

forward link coverage area; 
receiving a reverse link signal at a first power level at said 

target base station defining a first reverse link coverage 

area; 

transmitting a forward link signal at a selected power 
level from a first operating base station defining a 
second forward link coverage area, wherein said first 
forward link coverage area and said second forward 
link coverage area intersect to define a first forward link 
equality location at which a mobile unit receives com- 
munication with the same performance level with said 
target base station and said first operating base station; 

receiving a reverse link signal at a power level at said first 
operating base station defining a second reverse link 
coverage area, wherein said first reverse link coverage 
area and said second reverse link coverage area inter- 
sect to define a first reverse link equality location 
wherein said target base station and said first operating 
base station receive conomunication from a mobile unit 
at said first reverse link equality location with the same 
performance level wherein said first forward link equal- 
ity location and said first reverse Unk equality location 
are the same; 
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transmitting from said target base station said forward 
link signa] at a slightly lower power level defining a 
slightly smaller first forward link coverage area and a 
second forward link equality location such that said 
second forward link equality location is closer to said 
target base station than said first forward link equality 
location; and 

receiving at said target base station said reverse link signal 
at a slighdy higher first power level thereby defining a 
second slightly smaller reverse link coverage area of 
said target base station and defining a new reverse link 
equality location in the same location as said second 
forward link equality location. 

21. The method for terminating communication with a 
target base station of claim 20 wherein each of said plurality 
of operating base stations in said system transmits a pilot 
signal and wherein said forward link signal from said target 
base station is said pilot signal corresponding to said target 
base station. 

22. The method for terminating communication with a 
target base station of claim 20 wherein each of said plurality 
of operating base stations in said system transmits a pilot 
signal and message signals and wherein said forward link 
signal from said target base station is said pilot signal and 
said message signals corresponding to said target base 
station, 

23. The method for terminating communication with a 
target base station of claim 20 wherein the product of said 
first selected power level of said forward link signal from 
said target base station and said first power level of said 
reverse link signal at said target base station is equal to a 
constant and wherein the product of said slightly lower first 
power level of said forward link signal from said target base 
station and said slightly higher first power level of said 
reverse link signal at said target base station is equal to said 
constant. 

24. The method for terminating communication with a 
target base station of claim 23 wherein the product of said 
selected power level of said forward link signal from sdd 
first operating base station and said power level of said 
reverse link signal at said first operating base station is equal 
to said constant. 

25. The method for terminating communication with a 
taigei base station of claim 20 wherein said slightly higher 
first power level of said reverse link signal at said target base 
station comprises an amount of artificial power. 

26. The method for terminating communication with a 
target base station of claim 25 wherein said power level of 
said reverse link signal at said first operating base station 
comprises an amount of artificial power such that the 
product of said power level of said forward link signal from 
said first operating base station and said power level of said 
reverse link signal at said first operating base station is equal 
to said constant. 

27. An apparatus for eliminating a forward link coverage 
area and a reverse link coverage area of a base station in a 
system of base stations for bi-directional communication 
with a set of mobile units comprising: 

an antenna system having a wireline port providing an 
incoming signal at a receive power level and receiving 
a transmit signal at a transmit power level; 

an artificial noise generator having an input coupled to 
said wireline port of said antenna system and having an 
output port providing a signal with an amount of 
artificial noise in addition to said receive power level; 

a power detector having an input coupled to said output 
port of said artificial noise means and having an output 



10 



20 



25 



30 



35 



45 



50 



55 



60 



65 



providing a power level output indication proportional 
to the sum of said receive power level and said amount 
of artificial noise; 
a variable attenuator having a power control signal input 
port coupled to said output of said power detector and 
having an input port receiving an information signal 
and having an output port providing a power controlled 
information signal coupled to wireline port of said 
anterma system thereby setting said transmit power 
level; and 

a controller successively increasing said amount of arti- 
ficial noise until said reverse link coverage area is 
vinually eliminated; 

wherein said transmit power level is conuolled to main- 
tain balance in a location of said forward link coverage 
area with a location of said reverse Unk coverage area. 

28. The apparams for eliminating a forward link coverage 
area and a reverse link coverage area of a base station of 
claim 27 further comprising a scale and threshold block 
disposed between said power detector and said variable 
attenuator. 

29. The apparatus for eliminating a forward link coverage 
area and a reverse link coverage area of a base station of 
claim 27 wherein said artificial noise generator is a variable 
attenuator. 

30. An apparatus for adding a forward link coverage area 
and a reverse link coverage area of a base station in a system 
of base stations for bi-directional communication with a set 
of mobile units comprising: 

an antenna system having a wireline port providing an 
incoming signal at a receive power level and receiving 
a transmit signal at a transmit power level; 

an artificial noise generator having an input coupled to 
said wireline port of said antenna system and having an 
output port providing a signal with an amount of 
artificial noise in addition to said receive power level; 

a power detector having an input coupled to said output 
port of said artificial noise means and having an output 
providing a power level output indication proportional 
to the sum of said receive power level and said amount 
of artificial noise; 

a variable attenuator having a power control signal input 
port coupled to said output of said power detector and 
having an input port receiving an information signal 
and having an output port providing a power controlled 
information signal coupled to wireline port of said 
antenna system thereby setting said transmit power 
level; and 

a controller gradually decreasing said amount of artificial 
noise such that said reverse link coverage area is 
expanded from nominal nonexistence to a full reverse 
link coverage area existence; 

wherein said transmit power level is controlled to main- 
tain balance in a location of said forward link coverage 
area with a location of said reverse link coverage area. 

31. The apparatus for eliminaung a forward link coverage 
area and a reverse link coverage area of a base station of 
claim 30 further comprising a scale and threshold block 
disposed between said power detector and said variable 
attenuator. 

32. The apparatus for eliminating a forward link coverage 
area and a reverse link coverage area of a base station of 
claim 30 wherein said artificial noise generator is a variable 
attenuator. 

33. In a cellular communication system having a plurality 
of base stations each defining a respective geographic cov- 
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erage area and a plurality of remote stations, a method for 
adding an additional base station into said cellular commu- 
nication system comprising the steps of; 
locating said additional base station within a coverage 

area of at least one base station of said plurality of base 5 

stations; 

increasing by degree a coverage area of said additional 
base station; and 

decreasing by degree a coverage area of said at least one 
base station said additional base station is located 
within. 

34. The method claim 33 wherein each of said respective 
geographic coverage areas is comprised of a forward link 
coverage area and a reverse link coverage area and wherein 
said step of increasing by degree said coverage area of said 
additional base station comprises the step of matching a 
forward link coverage area of said additional base station to 
a reverse link coverage area of said additional base station. 

35. The method of claim 33 wherein each of said respec- 
tive geographic coverage areas is comprised of a forward 
link coverage area and a reverse link coverage area and 
wherein said step of increasing by degree said coverage area 
of said additional base station comprises the step of by 
degree reducing an amount of artificial noise added to a 
received signal at said additional base station. ^ 

36. The method of claim 33 wherein said coverage area of 
said additional base station is bound at least in part by an 
equality location wherein a remote unit located at said 
equality location has equal communication abilities with 
said additional base station and said at least one base station. '^^ 

37. In a cellular communication system having a plurality 
of base stations each defining a respective geographic cov- 
erage area and having a plurality of remote stations, a 
method for removing a first base station of said plurality of 
base station from said cellular communication system com- 
prising the steps of: 

decreasing non-instantaneously a coverage area of said 

first base station; and 
increasing non-instantaneously a coverage area of at least 40 

one base station adjacent to said first base station; and 
removing from service said first base station when said 

coverage area of first base station has been consumed 

at least in part by said at least one base station. 

38. The method of claim 37 wherein each of said respec- 45 
tive geographic coverage areas is comprised of a forward 
link coverage area and a reverse link coverage area and 
wherein said step of deaeasing non-instantaneously said 
coverage area of said first base station comprises the step of 
matching a forward link coverage area of said first base 50 
station to a reverse link coverage area of said first base 
station. 

39. The method of claim 37 wherein each of said respec- 
tive geographic coverage areas is comprised of a forward 
link coverage area and a reverse link coverage area and 55 
wherein said step of increasing non-instantaneously said 
coverage area of said first base station comprises the step of 
non-instantaneously increasing an amount of artificial noise 
added to a received signal at said first base station. 

40. The method claim 37 wherein said coverage area of 60 
said first base station is bounded at least in part by an 
equality location wherein a remote unit located at said 
equality location has equal corrmiunication abilities with 
said first base station and said at least one base station. 

41. In a cellular communication system having a plurality 65 
of base stations each defining a respective geographic cov- 
erage area of service and having a plurality of remote user 
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stations, a method for modifying the coverage area of at least 
one base station in the cellular conununi cation system 
comprising the steps of: 
providing a first base station having a coverage area of 
service; 

providing a second base station within said first base 
station coverage area, said second base station lacking 
a second base station coverage area of service; 
providing by said second base station a second base 
station coverage area of service within said first base 
station coverage area, said second base station cover- 
age area mitially substantially less than said first base 
station coverage area and progressively increasing 
within said first base station coverage area; and 
providing by said first base station a decrease in said first 
base station coverage area at a rate corresponding to a 
rate of increase in said second base station coverage 
area, 

42. The method of claim 41 further comprising the step of 
removing said first base station from providing service in 
said cellular conmaunication system upon said second base 
station coverage area consuming in part said first base 
station coverage area. 

43. The method of claim 41 further comprising the step of 
providing service to ones of said remote user stations 
respectively within said first and second base station cov- 
erage areas. 

44. A cellular communication system for providing com- 
munication services with a at least one remote user station 
comprising: 

a first base station having a first base station coverage area 

of service of service; and 
a second base station located within said first base station 
coverage area, said second base station initially lacking 
a coverage area of service and subsequently introduc- 
ing a second base station coverage area of service 
increasing in size at a first rate within said first base 
station coverage area of service as said first base station 
coverage area of service decreases in size at a rate 
commensurate with a rate of increase of said second 
base station coverage area of service. 

45. The cellular communication system for providing 
communication services of claim 44 further comprising a 
third base station having a third base station coverage area 
of service overlapping with said first base station coverage 
area of service, said third base station coverage area of 
service decreasing in size when said second base station 
coverage area of service increases into said third base station 
coverage area of service. 

46. The cellular communication system for providing 
communication services of claim 44 wherein said first base 
station service area is decreased upon said second base 
station coverage area consuming in part said first base 
station coverage area until said first base station is removed 
from providing service in said cellular communication sys- 
tem. 

47. The cellular communication system for providing 
communication services of claim 44 wherein said first base 
station and said second base station provide conmiuni cation 
with said at least one remote user station when said at least 
one remote user station is located within said first base 
station coverage area and said second base station coverage 
area respectively. 

* + * * * 
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